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Introduction
Surfactants are molecules with a dualistic character, consisting of a hydrophilic headgroup and a hydrophobic hydrocarbon chain. The characteristic feature of surfactants is their ability to form aggregates in aqueous solution. The morphology that these aggregates adopt, depends upon the molecular shape of the monomer, temperature, concentration, and added electrolytes [1] . Single-tailed surfactants usually form micelles whereas double-tailed surfactants often aggregate to form bilayers, the latter forming vesicles upon mechanical agitation.
Vesicles formed from synthetic bilayer-forming surfactants have been widely used as models for biological membranes [2] [3] [4] . Interestingly, biological and synthetic bilayers have many properties in common such as phase transitions and fusion behavior. Properties of biological cells often can be successfully mimicked by using vesicles formed from synthetic amphiphiles. Fusion is usually induced by a fusogenic agent and is a two-step process. In the first step, which involves aggregation, vesicles cluster as a result of dehydration of the headgroups and a reduction of repulsive electrostatic forces. In the second step the actual fusion process takes place. Due to local defects in the bilayer, vesicles conglomerate with mixing of their aqueous contents. Below the phase transition temperature (T c ) bilayers are in the gel state, in which lateral diffusion is slow and the hydrocarbon chains are in an all-trans conformation. Above T c , bilayers are in the liquid-crystalline state, gauche conformations occur and lateral diffusion is fast. For efficient fusion, bilayers should be in the liquid-crystalline state.
Surfactants with a heterocyclic ring near the headgroup [5] especially those possessing an 1,3-dioxane and 1,3-dioxolane ring have become of great interest in the past decade as a result of their chemodegradability. Although properties as CMC and Krafft points have been investigated, neither the phase behavior of the bilayers nor the fusogenic properties have been assessed in detail. Properties of sodium di-n-alkyl phosphate vesicles have been described in previous studies [6] . Symmetric and asymmetric sodium di-n-alkyl phosphates have been investigated with regard to their fusogenic and polymorphic behavior [6a] . In another study the effect of counterion binding on the phase transition temperature of di-n-alkyl phosphate vesicles was investigated [6f] . The purpose of the present work was to investigate the properties of micelles and vesicles formed from the sodium salts of a series of 5-alkyl-2-hydroxy-1,3,2-dioxaphosphorinan-2-ones and from the sodium salts of several 5,5-dialkyl-2-hydroxy-1,3,2-dioxaphosLiebigs Ann./Recueil 1997, [1745] [1746] [1747] [1748] [1749] [1750] [1751] [1752] [1753] phorinan-2-ones, respectively. It was anticipated that the change in headgroup structure would influence the bilayer packing and therefore the vesicles might show modified aggregation and phase behavior. This was borne out in practice. 
Results and Discussion
As expected [1] , all single-tailed surfactants (6a, b, and g) investigated in this study, form micelles. Critical micelle concentrations were determined using microcalorimetry, UV spectroscopy, and conductometry. The double-tailed phosphorinanes 6h, i, j, and k form vesicles as revealed by transmission electron microscopy. Fusion of the vesicles with Ca 2+ and Mg 2+ ions as the fusogenic agent was investigated using the RET assay and TEM.
CMC Measurements
Critical micelle concentrations of 6a, b, and g are listed in Table 1 . The trend in the CMC values is as anticipated: the CMC decreases upon increasing chain length and decreases upon increasing chain branching [2] . The critical micelle concentration of 6b is higher than that of 6g. If the additional methyl moiety in 6g is viewed as a branch, the decrease in CMC of 6g relative to that of 6b is in line with expectation. Critical micelle concentrations of the sodium alkylhydroxy phosphates [7] with corresponding alkyl chain lengths are lower than those of 6a, b and 6g with corresponding alkyl chain lengths. Since the CMC is a measure of the thermodynamic stability of a micelle, micelles formed from phosphorinanes are more stable than sodium alkylhydroxy phosphate micelles. In fact, the hydrophobic moieties of the phosphorinanes are larger than those of sodium alkylhydroxy phosphates with a comparable number of carbon atoms in the hydrocarbon chain, which is a result of the additional methylene groups in the six-membered ring connected to the head group of the former. Thus, despite the change in headgroup structure of the phosphorinanes relative to the sodium alkylhydroxy phosphates, methylene groups in the six-membered ring of the phosphorinanes, appear to contribute to the hydrophobicity of the surfactant molecule.
Critical micelle concentrations for 6b and 6g were determined by three and two different methods, respectively ( Table 1) . As shown in Table 1 , all three methods give comparable results. The presence of pinacyanol chloride as a reporter molecule does not significantly affect the CMC. 
Electron Microscopy
Transmission electron microscopy experiments were carried out using uranyl acetate (UAc) as a stain and coloring material. The results showed that the phosphorinanes 6h-k form unilamellar vesicles varying in size from 25-90 nm. In the case of 6l, no vesicles were observed with TEM. Therefore, other experiments were performed to elucidate the aggregation behavior of 6l in water (see fluorescence depolarization and I 1 /I 3 measurements). By means of cryo electron microscopy, a diameter ranging from 30 to 70 nm was observed for vesicles formed from 6h.
For the different vesicular systems addition of Ca 2+ or Mg 2+ ions not only induced fusion, but crystal formation was observed as well. Crystallization started immediately after the addition of Ca 2+ or Mg 2+ ions. Apparently, fusion is accompanied by crystallization. Both unilamellar and multilamellar fused vesicles, ranging in size from 150 to 1000 nm, were observed by TEM. After the addition of EDTA, smaller vesicles were formed, even though the crystals did not completely disappear. Figures 1a-e show a series of electron micrographs of vesicles formed from 6h.
In the case of sodium di-n-alkyl phosphate vesicles, addition of Ca 2+ leads to fusion followed by the formation of tubular structures (after about 5 minutes), which turned out to be anhydrous calcium di-n-alkyl phosphate crystals [8] . In the present vesicular systems, fusion and crystallization took place immediately after the addition of fusogenic agent and no tubular structures were observed. Apparently, the phosphorinanes are unable to form a highly ordered threedimensional array with Ca 2+ ions akin to that found in the tubes formed from calcium di-n-alkyl phosphates. This is probably due to the fact that the phosphorinane headgroup is too bulky (due to the six-membered ring connected to the phosphate headgroup), thus preventing effective packing in a highly ordered way.
A vesicle solution of 6h was studied using cryo electron microscopy. In a typical experiment Ca 2+ ions (0.05 mM) were added to a vesicle solution of 6h, leading to immediate vitrification of the sample. Using the negative staining method, both fusion and crystallization were observed. Vesicles varied in size from 50 to 160 nm, indicating that both fused and unfused vesicles were present. In addition to observations from the negative staining method, multilamellar sheets were observed by cryo TEM. The distance between the lamellar layers was found to be 44 Å, which is typical for a bilayer distance. Phase transition temperatures, T c , of 6h-k are summarized in Table 2 . For 6h, no transition was found in the temperature range from 5 to 90°C. The trend in phase transition temperatures reflects the packing efficiency in the vesicular bilayers. As expected, T c increases with increasing length of the alkyl chains, R 1 and R 2 [9] . For comparison, phase transition temperatures of sodium di-n-alkyl phosphate vesicles [9, 10] with corresponding alkyl chain lengths are also given in Table 2 . Clearly, the T c values for the bilayers formed from phosphorinanes are lower than those for bilayers of sodium di-n-alkyl phosphates of corresponding alkyl chain length. This indicates that the bilayer of the phosphorinanes is less stable, owing to a less efficient bilayer packing relative to bilayers of di-n-alkyl phosphates. Inspection of molecular models shows that the headgroup of the phosphorinanes is bulkier than that of sodium di-nalkyl phosphates due to the six-membered ring connected to the former. This results in a decrease in the efficiency of alkyl chain packing of the phosphorinanes compared to that for di-n-alkyl phosphates.
The enthalpograms recorded for vesicles formed from 6i and 6j showed several small peaks in addition to a main peak which was attributable to the main phase transition.
Apparently, the main phase transition for bilayers of 6i and 6j (at 24 at 32°C, respectively) is accompanied by small pretransitions. In the enthalpogram of vesicles formed from compound 6k only one sharp peak was observed at 51°C. [a] Determined by fluorescence depolarization.
Fluorescence Depolarization
This is a standard technique for studying the physical state of a bilayer [11, 12] . DPH (trans,trans,trans-1,6-diphenylhexa-1,3,5-triene) intercalated in the core of the bilayer reports physical changes in the hydrophobic interior of the bilayer. For vesicles formed from compounds 6i and 6j no cooperative transition was observed using fluorescence depolarization. For vesicles formed from 6h and 6k cooperative transitions were observed at 8 and 52°C, respectively. The phase transition temperature for 6k as determined by DSC is in reasonable agreement with the value obtained by fluorescence depolarization. The slightly earlier apparent onset of melting in the fluorescence depolarization experiment may be a consequence of the presence of the probe within the bilayer leading to the earlier onset of melting. It is striking that the transitions of 6i and 6j are noncooperative whereas 6h and 6k show cooperative transitions. For vesicles formed from the sodium di-n-alkyl phosphates all phase transitions are cooperative [9] , which is consistent with the notion that the packing of those bilayers is more efficient than that of bilayers formed from the sodium salts of 5,5-dialkyl-2-hydroxy-1,3,2-dioxaphosphorinan-2-ones.
Fusion Experiments
Vesicle fusion was monitored using the RET assay at a temperature above T c . Fusion experiments for vesicles formed from 6h, i, j, and k were performed at 22, 40, 48, and 65 °C, respectively. Ca 2+ and Mg 2+ ions were employed as fusogenic agents. Since a change in fluorescence intensity may also result from a reversible transition in the bilayer induced by the fusogenic agent, the final extent of fusion was measured after addition of an excess of EDTA, a binding agent for Ca 2+ and Mg 2+ . Below T c , no fluorescence increase was observed for vesicles prepared from 6k. The observation that lipid mixing only takes place with membranes in the liquid crystalline state is in agreement with previous results [6] . cannot form a dehydrated trans complex between two adjacent DDP vesicles, which is a prerequisite of fusion. Since Mg 2+ ions do induce fusion of phosphorinane vesicles, it would seem that Mg 2+ is able to form a trans complex between vesicles formed from phosphorinane amphiphiles. For 6k, variable and rather irreproducible fusion results were observed which were not studied further. Initial rates of fusion were too fast to be measured accurately. Rates in the order of 20 to 80% s -1 were observed. Sodium di-n-alkyl phosphate vesicles show lower initial rates of fusion, for example for DDP [6c] : 4.5% s -1 (9 mM of Ca 2+ at 40°C). Furthermore, threshold concentrations of Ca 2+ and Mg 2+ ions for fusion are low for vesicles formed from the phosphorinanes (below 0.1 mM). Threshold concentrations found for di-n-alkyl phosphate vesicles are considerably higher, for example 1.7 mM Ca 2+ for DDP vesicles.
The observations that the dioxaphosphorinane vesicles fuse in the presence of Mg 2+ as well as of Ca 2+ , possess lower threshold concentrations for fusion and higher initial rates of fusion as compared to the sodium di-n-alkyl phosphate vesicles, are all consistent with the notion that the bilayers formed from the phosphorinanes are more easily destabilized than bilayers formed from sodium di-n-alkyl phosphates. Apparently, the bilayer packing for sodium din-alkyl phosphates is more effective than that for phosphorinane surfactants. Asymmetric fusion experiments (fusion between dissimilar vesicle populations) were carried out between PS liposomes and vesicles formed from 6k at 25°C, which is below the phase transition temperature of 6k. Under these conditions only asymmetric fusion takes place between DDP vesicles and PS liposomes [13] . In the presence of Ca
2+
and Mg 2+ concentrations up to 10 mM, no fusion was observed for vesicles formed from 6k and PS. DDP vesicles fused with PS liposomes upon addition of Ca 2+ and Mg 2+ , though the extent of fusion was low (8% and 4% with 8 mM Ca 2+ and Mg 2+ , respectively).
I1/I3 Values
The intensity ratio between the first and the third peak in the fluorescence spectrum of pyrene, the I 1 /I 3 value, gives a measure of the environment at the pyrene binding sites [14] . A mean I 1 /I 3 value of 1.13 was found for aggregates formed from 6l, indicative of an "aromatic solvent environment" for pyrene. Since a lower I 1 /I 3 value was expected, it is not clear what kind of aggregates are formed by 6l in aqueous solution.
X-ray Diffraction
Low-angle X-ray diffraction patterns were obtained from vesicle solutions of 6h to which Ca 2+ and Mg 2+ ions (both 0.5 mM) had been added. After irradiation, a ring pattern was observed, which did not resemble the X-ray pattern produced by suspensions of synthetically prepared Ca 2+ and Mg 2+ salts of 5h.
A wide-angle X-ray diffraction pattern was obtained from a vesicle solution of 6h to which Ca 2+ (0.5 mM) had been added. The resulting pattern showed one ring corresponding to a lattice distance of 43 Å. This result was corroborated by cryo electron microscopy; the cryo electron micrographs revealed multilamellar layers with a separation of 43 Å. Again, these results contrast with those obtained following the addition of Ca 2+ to NaDDP vesicles. In the latter case, tubular structures were formed, which were identified as calcium di-n-alkyl phosphate crystals [8] . Leakage from vesicles prepared from 6h and cholesterol (80/20) was found to be faster than that from vesicles formed from DDP and cholesterol (80/20), Figure 3 . Though the leakage rates showed some variations between experiments, the above statement held true throughout. This observation is again consistent with the notion that bilayers of vesicles of bilayer-forming phosphorinanes are less efficiently packed than those in di-n-alkyl phosphate vesicles. 
Conclusions
The present study shows that the novel single-tailed surfactants (6a, b, and g) form micelles and the double-tailed ones (6h, i, j, k) vesicles, with the exception of 6l. Critical micelle concentrations decrease with increasing chain length and decrease with increasing branching. Critical micelle concentrations for the single-tailed phosphorinanes are lower than those of sodium alkylhydroxy phosphates. Vesicles of 6h, i, and j fuse with Ca 2+ as well as with Mg 2+ ions as revealed by lipid mixing assays and by electron microscopy. Properties of vesicles formed from bilayer-forming phosphorinanes differ in various respects from those of sodium di-n-alkyl phosphate vesicles studied previously. Phase transition temperatures of vesicles formed from bilayer-forming phosphorinanes are lower than those of vesicles of sodium di-n-alkyl phosphates and initial rates of lipid mixing are higher. Furthermore, vesicles prepared from 6h and cholesterol are more susceptible to leakage than those formed from DDP and cholesterol. All observations are consistent with the notion that the packing of alkyl chains in the bilayer of vesicles formed from the newly synthesized bilayer-forming phosphorinanes is less efficient than that in vesicles formed from sodium di-n-alkyl phosphates. The variation in headgroup structure of bilayer-forming phosphate surfactants leads to a difference in bilayer packing which markedly influences the properties of the bilayer.
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Experimental Section
Materials: Melting points were determined on a Kofler hot-stage and are uncorrected. ; sodium acetate, ethylenediamine tetraacetic acid (EDTA), and calcium and magnesium chlorides were obtained from Merck. Pinacyanol was purchased from Acros Chimica. 5(6)-Carboxyfluorescein (CF) was purchased from Eastman Kodak Co. and was purified as described elsewhere [15] . Triton X-100 was obtained from BDH Chemicals Ltd. Water was twice distilled in an all-quartz apparatus.
CMC Measurements:
Critical micelle concentrations were determined by conductivity measurements. Conductivities were measured using a Wayne-Kerr Autobalance Universal bridge B642 fitted with a Philips electrode PW 9512101 with a cell constant of 0.71 cm -1 . The conductivity cell was equipped with a magnetic stirrer. CMC values were derived from the intersections of the tangents drawn before and after the discontinuity in the conductivity versus concentration plot.
Critical micelle concentrations were also determined by titration microcalorimetry [16] . Enthalpograms were recorded using a Microcal Omega titration microcalorimeter (Microcal Northampton, MA, USA). The solutions were degassed prior to use. In a typical experiment the sample and reference cell were filled with water, while a syringe was filled with the surfactant solution at a concentration of approximately 20 times the CMC. The contents of the sample cell were stirred. After thermal equilibrium had been reached, the first aliquot was injected and the heat absorbed or evolved was recorded. Once thermal equilibrium had been attained, the next aliquot was injected. This procedure was repeated until the desired concentration range had been covered. Raw data were analyzed using Omega software (Origin 2.9).
UV measurements were performed using pinacyanol chloride [17] . Pinacyanol chloride (10 -5 M) was added to surfactant solutions of several concentrations, ranging from below to above the (estimated) CMC. Below the CMC, the absorption spectrum of pinacyanol chloride resembles that of the dye in polar media. The absorption spectrum changes sharply at the CMC and resembles that of pinacyanol chloride in organic solvents.
Vesicle Preparation: The different vesicles were prepared by sonicating a known amount of lipid in aqueous solution above T c with a Branson B15 sonifier cell disruptor for 4 minutes. Since the sonication method failed for 6l, the ethanol injection method [18] was used instead. For this 4 mg of 6l was dissolved in 100 µl of ethanol.
Using a preheated Hamilton micro syringe, 80 µl of this solution was injected into 1 ml of water at 55 °C with stirring.
Vesicles labeled with fluorescent probes were prepared by dissolving the lipids in Rh and NBD solutions. The solvent was evaporated under an N 2 stream and the film was further dried in vacuo. After addition of 1 ml of water and sonication for 4 min, the vesicle solution was obtained. A labeled vesicle solution of phosphatidyl serine was sonicated for 1 minute.
Differential Scanning Microcalorimetry ( DSC): Differential isobaric heat capacities as a function of temperature were recorded for water and the different vesicles prepared from 6h to 6k using an MLS differential scanning microcalorimeter from Microcal. Scans were recorded from 5 to 90°C. Rescans were performed to check the reversibility of the transition. The main phase transition (between the liquid crystalline and the gel phase) is accompanied by a peak in the trace. Since in previous microcalorimetric studies [19] it had been shown that the presence of ethanol may influence the main phase transition, vesicles were prepared by sonication instead of the ethanol injection method.
Fluorescence Depolarization [11] : Phase transition temperatures (T c ) were measured using the rod-like fluorescent probe trans, trans,trans-1,6-diphenylhexa-1,3,5-triene (DPH) intercalated in the hydrophobic core of the bilayer. Polarized light is absorbed by the DPH molecules and subsequently emitted. The polarization P characteristic of the differences between emitted and absorbed light, is given by Equation 1.
In this equation, I || and I ⊥ denote the intensities of light polarized parallel and perpendicular to the absorbed light, respectively. Vesicle bilayers in the gel state typically show P values in the range of 0.3-0.4 whereas P values ranging from 0.02-0.1 are observed for bilayers in the liquid-crystalline state. Measurements were performed as described previously [9] . At each temperature the solution was equilibrated for at least 15 minutes, the polarization was measured and calibrated three times. The amphiphile concentration was 5 ·10
Fusion Experiments: Vesicle fusion was monitored using a resonance energy transfer (RET) assay [20] based on lipid mixing. Vesicles labelled with 0.8 mol-% each of N-NBD-PE and N-Rh-PE were mixed with an equimolar amount of unlabeled vesicles. In fusion experiments the lipid concentration was 50 µM. Fusion was induced by adding a fusogenic agent (Ca 2+ or Mg 2+ ions). Upon bilayer mixing dilution of the fluorophores takes place, the transfer efficiency decreases and an increase in NBD fluorescence is observed. The decrease in transfer efficiency was continuously monitored on an SLM-Aminco SPF-500C spectrofluorometer equipped with a thermostatted cell holder, a magnetic stirring device and a chart recorder. The excitation wavelength was 475 nm, the emission wavelength 530 nm.
The fluorescence scale was calibrated by setting the initial fluorescence of the labeled and non-labeled vesicles equal to 0%. The fluorescence value at infinite dilution (100% fluorescence) was determined after each experiment by adding Triton X-100 (final concentration 1%, v/v). Corrections were made for sample dilution and the effect of the surfactants on the quantum yield of NBD. The extent of fusion was determined after addition of an excess of EDTA (based on Ca 2+ or Mg Electron Microscopy: Transmission electron micrographs were obtained using a Philips EM 300, EM 201, or JEM 1200 EX electron microscope operating at 80 kV. Samples were prepared on carbon-coated Formvar grids, pretreated by glow discharge in n-pentylamine. Samples were stained with 1% or 0.1% (w/v) uranyl acetate [21] . Cryo electron microscopy was performed using a JEM 1200 EX or a Philips CM 20 microscope. Vesicles of 6h-k were examined before and after addition of Ca 2+ and Mg 2+ by the negative staining method. EDTA was added in an 8-fold excess. Vesicles of 6h were examined by cryo electron microscopy before and after addition of Ca . Synthetic Ca 2+ and Mg 2+ salts of 5h were prepared as described previously [6] . Suspensions of the crystals in water were transferred into a capillary which was sealed with wax. Diffraction patterns were taken with a precession camera at a wavelength of 1.5418 nm (the Cu-K α line).
I 1 /I 3 Values:
The fluorescence spectrum of pyrene [14] shows five vibrational peaks (1 to 5) in the range 365 to 400 nm. The intensity of the third peak relative to the first one is dependent on the medium in which pyrene is dissolved. Therefore, the ratio of peak 1 (372-373 nm) to peak 3 (383 nm), I 1 /I 3 , is taken as a measure of the polarity of the binding site at which pyrene is located. In polar media, the ratio I 1 /I 3 ranges from 1.25-2.00, in aromatic solvents from 1.00-1.25 and in hydrocarbon solvents from 0.55-0.65. Pyrene incorporated in bilayers shows an I 1 /I 3 value close to that for apolar media.
Aggregates of 6l were made by the ethanol injection method as described previously [17] . Pyrene was dissolved in the ethanol at such a concentration that in the final solution a pyrene concentration of 10 -7 M was acchieved. Spectra were recorded on an SLM-Amino SPF-500C spectrofluorometer. The excitation wavelength was 335 nm, spectra were recorded over the range 365 to 395 nm in steps of 0.25 nm. The bandpass was 5 nm.
Encapsulation Experiments: Vesicle solutions of 6h in combination with cholesterol were prepared in a 20 mM carboxyfluorescein (CF) solution by sonication. The non-encapsulated material was removed on a Sephadex G-75 column at room temperature with an elution buffer (150 mM NaCl, 5 mM NaOAc, 5 mM HEPES at pH = 7.4). CF was encapsulated at self-quenching concentrations. Release of CF to the extravesicular medium results in an increase of the CF fluorescence which is proportional to the amount of leakage [22] . CF leakage was monitored using an SLM-Aminco SPF-500 spectrophotometer equipped with a thermostatted cell holder and a magnetic stirring device. The excitation wavelength was 430 nm, the emission wavelength 513 nm. The initial fluorescence value was taken as 0% leakage, the level of 100% fluorescence was obtained after addition of Triton X-100 (final concentration 1%, v/v). Corrections were made for sample dilution.
The lipid concentration was between 1.4 mM for DDP/Chol and 2.0 mM for 6h/Chol.
Syntheses ( see Scheme 2 )
Diethyl 2-Alkylmalonates: All compounds have been described in the literature: 1a [23] , 1b [23] , 1c [24] , 1d [23] , 1e [25] . [25] (1e): To a solution of 0.851 g (0.037 mol) of sodium in 75 ml of absolute ethanol, 5.6 g (0.035 mol) of diethyl malonate was added dropwise at 70°C. After stirring for 30 minutes at 70°C, 14.0 g (0.037 mol) of cis-9-octadecenyl iodide was added over a period of 10 min. The reaction mixture was then refluxed for 1 h. After cooling the ethanol was evaporated under reduced pressure. The yellow-brown slurry was dissolved in 100 ml of diethyl ether, washed with 35 ml of water and 25 ml of a saturated NaCl solution. The organic phase was dried with Na 2 SO 4 , filtered and the solvent was removed under reduced pressure. The viscous oil (14.6 g) was purified by column chromatography on 200 g of silica gel, using hexane/CH 2 Cl 2 (1:1) as the eluent. Yield: 7.1 g (50%) of 1e. Diethyl 2,2-Dialkylmalonates (2f-l): The second alkylation was performed in the same way as the mono alkylation. The compounds 2f-k have been described in the literature: 2f [26] , 2g [24] , 2h [27] , 2i [28] , 2j [29] , 2k [30] . Diethyl 2,2-Bis( cis-9-Octadecenyl )malonate (2l): Sodium hydride (0.35 g, 0.01 mol) was washed with hexane before 5 ml of DMF was added. A solution of 4.1 g (0.01 mol) of 1e in 10 ml of DMF was added dropwise. The reaction mixture was stirred for 1 h. A solution of 3.79 g (0.01 mol) cis-9-octadecenyl iodide in 10 ml of hexane was then added, and the mixture was heated for 8 h at 80°C. After cooling, the mixture was poured into 200 ml of diethyl ether and 50 ml of water. Separation was difficult and took several hours, hence some NaCl was added. The organic layer was dried with Na 2 SO 4 and the solvent was removed under reduced pressure. The crude product was purified by column chromatography on silica gel, using hexane/CH 2 Cl 2 (1:1) as the eluent, to yield 4.9 g (74%) of 2l. [31] and 3b [32] have been described in the literature. [5h] (3f): In a typical experiment, a solution of 8.81 g (0.02 mol) of 2f in 25 ml of diethyl ether was added to 25 ml of a 1 M solution of LiAlH 4 in THF at such a rate that the reaction mixture refluxed gently. Refluxing was continued for 3 h. At 0°C the excess of LiAlH 4 was carefully destroyed with ice and a 2 N H 2 SO 4 solution, until the solution became clear. The organic layer was separated from the aqueous layer, which was extracted with diethyl ether (3 × 25 ml). The combined organic layers were washed with water and a saturated NaHCO 3 solution, dried with Na 2 SO 4 , and filtered. The solvent was removed under reduced pressure. The crude product (7.0 g, 98%) was crystallized from petroleum ether (boiling range 40-60°C) yielding white, crystalline 3f. M.p. 30 2-Hydroxy-5-decyl-1,3,2-dioxaphosphorinan-2-one (5a): Compound 4a was dissolved in 100 ml of a 90-% acetone/water solution and refluxed until the hydrolysis was complete (24-28 h). The conversion was monitored by 31 P NMR. The solvent was removed under reduced pressure affording white, solid 5a in 90% yield. M.p. 123-125°C (petroleum ether boiling range 60-80°C). 
Diethyl 2-( cis-9-Octadecenyl )malonate

2-Alkyl-1,3-propanediols (3f-l): Compounds 3a
2,2-Didecyl-1,3-propanediol
2-Chloro
The NMR spectra were similar to those of 4a. 30.7, 30.1, 29.8, 29.7, 29.4, 29.3, 29.2, 29.1, 27.1, 26.5, 22.8, 22.6 5a, b, f-l (6a, b, f-l Calcium Salt of 5h: To 73.9 mg (0.14 mmol) of 5h in 2 ml of 50% acetic acid was added 14.2 mg (0.07 mmol) of calcium acetate in 1 ml of 50% acetic acid. The white crystalline product was washed with water and dried at 40°C in vacuo (m.p. 212-215°C).
5-Dodecyl
Sodium Salts of
Magnesium Salt of 5h: To 64 mg (0.116 mmol) of 5h in 1 ml of 50% acetic acid was added 12.4 mg (0.06 mmol) of magnesium acetate. The white crystalline product was washed with water and dried for 5 hours at 40°C (m.p. 142-148°C).
